In this study, we demonstrate the enhancement in thermal stability of polyoxymethylene (POM)-based biopolymer blend materials. Polyoxymethylene (POM)/Polylactic acid (PLA) blends have been used as alternative biopolymer materials for supporting environmental problems with thermal stability feature. The effects on POM biopolymer blend materials with a controlled PLA amount in their compositions under various injection conditions, were investigated by thermogravimetric analysis, dynamic mechanical analysis, and differential scanning calorimetry. The POM/PLA biopolymer blend materials showed POM phase acted as a homogeneous nucleating site for increasing PLA crystallization, which improves storage modulus of the blend materials. The decomposition temperatures of POM/PLA biopolymer blends tend to shift around 30˚C -50˚C lower compared to the decomposition temperatures of PLA. Thus, the decomposition temperature behavior of POM/PLA blends seems to be closer to POM. The suitable ratio in POM70/PLA30 resulted in the high strength of the blend materials. The POM/PLA biopolymer blend material was tested at various injection speeds and good miscibility was obtained at an injection speed of 100 mm/s. This enhancement of thermal stability in POM/PLA blend materials should be useful in the development of high-performance bio-based thermoplastic materials.
Introduction
This research focuses on the enhancement in thermal stability of POM biopolymer blend materials with controlled components in the compositions under varied injection conditions, where polyoxymethylene (POM) is selected as the main material. The engineering industry requires materials with high strength and durability, which does deform easily, among other properties.
POM is a semi-crystalline engineering thermoplastic that has reported high stiffness, toughness, thermal, and dimensional stability [1] [2] [3] . To overcome the disadvantages of polymers, blending different polymers is nominated as a convenient way to develop alternative polymeric materials. The polymer blend may have intermediate properties between those of the individual components. However, miscibility is unusual in polymer blends, considering the complexities of the components in the compositions. Many researchers have reported using specific contents of some components with great care to obtain the required combination [4] [5] . Miscibility is a favorable feature because it is usually associated with a good level of mechanical properties. Thus, it is interesting to study the individual component behaviors and mechanical and thermal properties of either miscible or partially miscible polymer blends.
Nowadays, biopolymers have become the most popular material for supporting environmental problems. The thermoplastic compositions are required to be based on potentially renewable raw materials, at least in part. Polylactic acid (PLA) is classified as a biopolymer-based material and has advantageous properties such as high stiffness and strength but suffers from brittleness and low toughness [6] [7] [8] . It is possible to adjust POM-based blend materials by using properties of PLA content to get the desired performance. The appropriate composition of PLA can produce bio-based polymer blend materials. The documented resources show that PLA has limitations in its applications due to its low glass transition temperature (T g ) [9] [10] . At temperatures higher than 56˚C as the T g of PLA [11] , only the crystalline phase of PLA can offer excellent mechanical and thermal properties. Therefore, the crystalline form is important as it increases the temperature resistance and thermal stability of the material. The highest degree of crystallinity in the total crystallization was reported to be approximately 40 wt% PLA [12] . Considering the fabrication process of the blend materials, it is well known that the process conditions affect the polymer characteristics and properties. The injection speed is one such process condition that was considered for improving the polymer structure after careful speed adjustment. If the injection speed exceeds a certain limit, the materials reach a high temperature that may lead to a change in its molecular orientation as well as characteristics [13] [14] .
In this work, the designation of the compositions for the controllable thermal 
Preparation of Specimens
POM-based and PLA biopolymer pellets were dried in an oven at 80˚C for 16 h to remove all moisture. Next, all pellets were blended using a dry blending method. The compositions of POM/PLA blends are determined in Table 1 . The dumbbell shaped specimens were fabricated using an injection molding machine (PO YUEN UM50) as shown in Figure 1 
Test Procedures
Differential scanning calorimetry, (DSC2920) from TA Instruments, can be defined as a technique to analyze the thermal properties of polymers. Specimens with weights between 5 -10 mg were cut from the biopolymer blend materials and put into aluminum pans. The ramp type DSC testing method was used. The specimens were heated from 25˚C to 200˚C at a heating rate of 10˚C/min. The degree of crystallinity (X c ) of the specimens was calculated by the following Equation (1): 
Results and Discussion

Effect of Injection Speeds on the Melting Temperature and Degree of Polymer Crystallinity of POM70/PLA30
As mentioned before, the thermal properties of the blend materials can be im-Journal of Materials Science and Chemical Engineering proved by adding PLA content. However, the complexities of the components in the compositions are concerning. Specific content from some components has to be used carefully [18] . It is necessary to increase the amount of the crystalline form of the material in order to increase the temperature resistance. The maximum degree of crystallinity that can be obtained in the fully crystallized state is 40 wt% PLA [19] . Namely, to overcome the weakness in thermal properties of the POM/PLA blends, POM70/PLA30 seems to be a significantly high-performance material due to its suitable composition. Next, the effect of various injection speeds on POM70/PLA30 was investigated. show that the in X c of polymer blends is significantly affected by the various injection speeds. Figure 5 illustrates the X c of POM70/PLA30 at various injection speeds, 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. Moreover, next, the effect of change in X c on the polymer structure was considered. This behavior was investigated from the corresponding melting behaviors of the POM phase with dition of 70 wt% of POM contents yielded a higher degree of blended PLA crystallinity. It was attributed to the assumption that the POM phase acted as a homogeneous nucleating site for increasing PLA crystallization, which improves the storage modulus of the blend materials. Therefore, the PLA content in the blend has been used to improve the dynamic mechanical and thermal properties of the blend materials.
Effect of Content and Injection Speed on the Dynamic Mechanical Thermal Property
As reported previously, more polymers in the material compositions of each specimen have an active role in increasing the storage modulus of polymer blends [20] [21] . Figure 5 shows the storage modulus value of POM70/PLA30 at a frequency of 100 Hz with various injection speeds, 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. Note that the storage modulus at the injection speed of 10 mm/s and 50 mm/s only show a marginal increase, while the highest value of the storage modulus has occurred at the injection speed of 100 mm/s. However, when injection speed increases to 1000 mm/s, the value of storage modulus drops compared with the value of storage modulus at the previous injection speed. Next, the mechanical properties compared to the temperature dependence were studied. The Loss modulus curves of POM70/PLA30 at different frequencies with various injection speeds are exhibited in Figure 6 . It was found that the loss modulus of POM70/PLA30 increased with increase in the injection speed from 10 mm/s to 100 mm/s and then decreased when the injection speed was further increased to 1000 mm/s. The result indicates that the loss modulus of each specimen showed the highest value at the injection speed of 100 mm/s in POM70/PLA30. However, it was observed that the material deforms easily with high loss modulus. Figure 7 demonstrates the tan delta curves of POM70/PLA30 at different frequencies with various injection speeds. Generally, high strength material was obtained from the low tan delta curve. From the results, it was found that the blend materials becomes softer when the injection speed increases from 10 mm/s to 100 mm/s while it hardens again at the injection speed of 1000 mm/s. Furthermore, it was observed that the tan delta was related to storage modulus and loss modulus. Thus, it can be concluded that the official high strength material in the blend was specified as POM70/PLA30 at the injection speed of 100 mm/s. Thus, it can be noted that the decomposition temperature behavior of POM/PLA blends seems to be closer to POM. However, shifting at a higher temperature in the blend could be seen in POM70/PLA30. The thermal stability of their blends shows a small increase with increasing PLA in the blend.
Effect of Content on the Thermal Stability and Decomposition Results in Thermogravimetric Analysis
Conclusion
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